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All H^TSSTIGATIOIT 0? AIRCRAFT HEATEKS 
VII - TBESMUj BADIVSIOIT FRCM ATE2RI IAITOUS* EXHAUST GASES 
By B. C. liartinelli, E. H. Uorrin, and L. M. E. Boelter 

iVuat J.ons and necessary data for the calcuJ.ali.on of the 
Gaocous raliatlcn fro&a water vapor and carbon dioxide in an 
ezd-aaet ^as heat exchanger are presented. A typical calcula- 
tion is included. 



aTaoBucTiou 

in exhaust gases which contain appreciable quantities of 
canton dioxide and vater vapor, the U'-o.^al radiation from those 
constituents of the Gas to the e\uro'm3:lr.3S is not al T .:ay3 neg- 
ligible. 

ErVtcl and IJgtert h&^e compiled tho latest data which are 
useful for ^l.o calculation cf this radiant fraction* Uhdsr con- 
ditions ncrr-i&lly found In airplane heat exchangers, the most 
recen- corrections proposed ry t/:ese authors (references 2 and. 
3) do no I £ivatlj change their fanner su^jesticns (reference l). 

In. this repcrt th e e:russicn and absorption of radiant 
energy is calculate 1 for rater vacpr and carbon dioxide, and a 
correction *s roade 00 accovnt for the overlapping emission and 
absorption frequencies of these 'r,. 7 c eases. 

Other constituents of eichav^t gases, such as carbon particles 
csono, carbon monoxide, and organic caipo-aods, also emit and s.o- 
s:ro cner£.r, out usual!;' their concentrations are snail and little 
lo fcicvn a'.jout their cf foots. The I'adiatlcn related to the litn- 
Lncslty cf Ihe gases, however, can he calet lated. Diatonic non- 
polar molecvl-s, such as 0 2 , Eg, -<nd II- , do net erait or ao- 
srrb radiant snerc.. at wavelengths important to radiant heat 
trans fer 

*Papi*blo of ejaittlr.3 and absorbing radiant energy. 
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SYMBOLS 

a g over-all abeorptance factor of gas 

Oqq^ correction factor for effect of total pressure on C0 2 
2 radiation evaluated from figure 2 

Cjr 0 correction factor for effect of total pressure on H 2 0 
2 radiation evaluated from figure 4 

K correction factor due to presence of both C0 2 and 

H 2 0 evaluated from figure 5 

L mean beam length vhich is equal to 0.9 times the 

diameter for infinite cylinder radiating to mils 

Pqq partial pressure of C0 2 atmospheres 
2 

Ptj q partial pressure of H 2 0 atmospheres 



It) r - * - ■ a l " - E ! o u u 

\VH 2 0+C0 2 gas radiation, Etu/hr ft 2 

°R Ranlcine = °F + 4 SO 

Tg absolute temperature of ga3, °R 

T s absolute temperature of surroundings, °R 

e (C0o, T gJ P C q L) emissivity of C0 2 evaluated from figure 
2 

1 at T g and L 



radiant energy inter cLange due to atherm&nou3 



T s\ 

^C0 2 , T s , Pqq 0 L ~ J emissivity of C0 2 evaluated from 



Lg ' T s 
f igure 1 at T 0 and P oPi L =- 
° uU 2 x g 



t (H 2 0, T g , P H 0 L) emissivity of HgO evaluated from figure 



g' x h 2 i 
3 at T g and P H Q I. 
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/ XJ> 0 , T Q , T?t^o ^ ~ v emissivlty c£ HoO evaluated from 
figure 3 at T 0 P Eo0 L ^ 

€ ^ ever-all enissivitj" i"a?tor cf r;r?.s 
€ e: i? 3G V. i+ of "^v nmd in,^ f=r rf ace 
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DISCUSSION 

Xc '.11 -strato trio uoo ci fho ch*M'*tn and equations for the 
calcula^cn o:, t he variant cnc^g* in' exchange betveon 
con* a living va'c-sr ,r ap^r and car\<e:a di:*cide> and the s^rcimd^ns 
g o'f'aci , the ;"'ollov. e^iiyle vovfesd out: 

Exhaust g- s s l?00" 7 } » 1760° U 

Sxhav.s': ir-po c; h-a' or vall:3_, * £ = 9C-° F, T ? = 1300° Tl 

I.E. of e-rhsrst pj-;.c ^ 0.5 ft (, lv, 4 ) 

Vclvras pDveant II o 0 "wpcv = 13 percent = 0*075 atri 

Vol vaae percent CO^ =r IE p.?vcenv = 0.075 atra 

r j?hc radiant ensi^y Inocrcl'aivs T ia: r bo calculated frora; 

( 1 \ 'T /t* \4 1 

VVHoO + C0 2 =: 0.17:3 a | € „ ■ ) - a, . ( — ) j (1) 



! H C 0 € ( HoO, 2 S , p :: 0 l £2 % » VjcJ y , K ] (I) 



--•Example ie evaluated for alt"; t*:de at vhlch total pressure is 0,5 
atid. 



Determining numerical magnitudes 
L a 0.9 X 0.5 ft = 0.45 ft 

P co . L = P E 0 L = 0.075 X 0,45 = 0.0338 ft atm 

4 J O 

J. rj Xn *| 7pn 

P CC 2 L = P H 2 ° X L Tg " °- 075 X °' 45 X im = 0, ° 261 

€ s =0.79 (average value for oxidized steel) 



HC0 ?> T P^, L) = 0.052 (^om U 
€ (C0 C > T s , P C02 L 2a) = 0.047 (from fig. 1) 

e(H 2 0, T g , Pg 20 L) = 0.028 (from fig. 3) 
C (lo0, T 8 , Ptt o0 L = o.CSO (from fig. 3) 



C COo = 0.78 (from fig. 2) (for total pressure 

= 0.5 atm) 

c Eo0 = (from fig. 4) (for total pressure 

=0.5 atm) 



IC = 0.00 (from fig. 5) 
Therefore, from equations (C) and (3): 
e„ = 0.7S X 0.052 + 0.80 X 0,028 - 0.00 = 0.0651 



^ = | 0.78 X 0.047 X + 0.86 X 0.030 X (gfg) -0. 

= [0.0433 + 0.0296 - 0.00] = 0.0729 
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Then from equation (1) 




!0 2 + H 2 0 




= 0.137 [3250 - 2500] » 0.137 X 3750 



= 512 Btu/hr ft' 
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.If this radiant energy interchange took place in an exhaust 
heater which vas 0,5 foot in diameter and 3 feet in length, then 



If the thermal outpi.it were 50,000 Btu/hr total exchange, 
then the fraction due to athermanous gas radiation vould "be 4.8 
percent of the total. 

In the experiments conducted in the University of California 
Mechanical Engineering Laboratory on straight and finned, double 
tube heat exchangers (references 4 and 5) , the atheruancus gas 
radiation was less than 1 percent of the total transfer, "because 
(?f the low concentrations of CO^ and HgO vapor. 



The radiant interchange taking place in an exhaust gas heat 
exchanger due to the emission and absorption characteristics of 
water vapor and carbon dioxide may be calculated, employing 
gaseous radiation data of Hottel. There are not sufficient data 
to account accurately for the radiant energy interchange from 
other gases, such as carbon monoxide and hydrocarbons. 

University of California, 
Berkeley, Calif. 



HCOZ + E 2 0) m 512 (it X 0.5 ft X 3 ft) 
- 2410 ptu/hr 



CONCLUSIONS 
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NOTE: The figures of this report have been reproduced from 

,! Eadiant Heat Transmission fl-cm Water Vapor/' by H. C. Hottel 
and E. B. Egbert., apposing in vol. 38, no. 3 of the Trans- 
actions of the American Institute of Chemical Engineers, with 
the permission of the authors. The ordinates of figures 2, 
4, and 5 havo been changed as indicated below: 

Fig. 2 / ordinate is renamed C CQ 

2 

Fig. 4, ordinate is renamed C^^o 
Fig. 5, ordinate Is renamed K 
The coordinates cf fig'jiree 1 and 3 remain unchanged. 



NACA 



Figs. 1,2 



to 
E 

IT) 

c 

o 




Q008 
0.006 



Q004 
0003 



(This \s f.gure 22 or reference 3) Temperature ° F 

Figure I- Working plot of carbon dioxide radiation. 
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Figure 2- Correction for effect of total pressure on carbon 
dioxide radiation. 
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(This is -figure 2.1 of reference 3 . Ordinate scole renamed) 
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Figure 3.- Final workinq plot of water vapor emissivi ty, 

for Pyy -0. ^ ThJs ; e t ; qupe ,g of r< f <rence 3) 
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Fiqure 4.- Correction for effect of total pressure 
and partial prressure on water vapor 
radiation. 
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(This isf'qure 20 of reference 3. Ordinafe scale renamed) 
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Figure 5.- Correction for superimposed radiation from mixtures of > carbon 
dioxide and water vapor. 



Ordinate scale renamed. 



This figure taken from figure 19 reference 3. 
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